Introduction
Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary embolism (PE), affects approximately 1 per 1000 individuals annually. [1] [2] [3] Risk factors for VTE include greater age and body mass, malignancy, surgery, trauma, immobilization, hereditary predisposition, pregnancy, oral contraceptive use, and hormone replacement therapy. [2] [3] [4] Most atherosclerosis risk factors, such as elevated cholesterol, hypertension, and cigarette smoking, do not increase risk of VTE. 5, 6 Nevertheless, a recent meta-analysis pooling data from 4 case-control studies and 1 cohort study found a significant inverse association between high-density lipoprotein cholesterol (HDL-c) and VTE. 7 HDL-c may reduce the risk of atherosclerotic lesions via reverse cholesterol transport, anti-inflammatory and antioxidant effects, and attenuation of endothelial dysfunction, 8 but the relevance of these mechanisms to VTE is unclear. We therefore determined the risk of future VTE in relation to baseline HDL-c levels, as well as subfractions of HDL (HDL 2 and HDL 3 ) and apolipoprotein A-I (apoA-I) level, in the Longitudinal Investigation of Thromboembolism Etiology (LITE).
Methods

Study population
The LITE is a combination of the Atherosclerosis Risk in Communities (ARIC) study and the Cardiovascular Health Study (CHS). The design and recruitment for the ARIC 9 study and the CHS 10, 11 have been previously described. Briefly, the ARIC study is a prospective cohort of adults aged 45 to 64 years gathered from 4 communities in the United States: Forsyth County, NC; Jackson, MS; the suburbs of Minneapolis, MN; and Washington County, MD. Sampling differed by recruitment area, and only African Americans were recruited from Jackson, MS. A total of 15 792 participants were enrolled by probability sampling from 1987 to 1989, and completed a home interview and clinic visit.
The CHS is a population-based longitudinal study of adults 65 years of age and older sampled from Medicare eligibility lists from 4 communities: Forsyth County, NC; Sacramento County, CA; Washington County, MD; and Pittsburgh, PA. A total of 5201 men and women were recruited between 1989 and 1990 and an additional 687 African Americans were recruited between 1992 and 1993.
Written informed consent was obtained from all participants according to the Declaration of Helsinki. The ARIC was approved by the institutional review boards at Johns Hopkins University (Baltimore, MD), University of Mississippi Medical Center (Jackson, MS), University of Minnesota (Minneapolis, MN), and Wake Forest University (Winston-Salem, NC). The CHS was approved by the institutional review boards at University of California, Davis (Davis, CA), University of Pittsburgh (Pittsburgh, PA), Wake Forest University and Johns Hopkins University.
VTE case ascertainment
The ARIC participants had clinic visits every 3 years through 1998 and were contacted annually by telephone. Participant report and surveillance of local hospital discharge lists were used to identify hospitalizations. The CHS participants had alternating clinic visits and telephone contacts every 6 months through 1999 and telephone contacts at 6-month intervals since 1999. Participant or proxy report and Health Care Financing Administration record searches identified hospitalizations.
The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) discharge codes were obtained for every hospitalization of ARIC or CHS participants. Cases of VTE were identified using the following ICD-9-CM codes: 415. 7 . After identification through ICD-9-CM code, hospital records including additional hospitalizations within the previous 3 months, physician and consultant reports, discharge summaries, and vascular and radiologic studies were copied. Two physicians then assigned VTE classification for all identified cases, and inconsistencies in classification were resolved by discussion. 12 Among VTE cases, physician statements were recorded on history of prior thrombosis and associated cancer, and recent trauma, surgery, and immobility. Secondary VTE was defined as events that were associated with cancer or chemotherapy or that occurred within 90 days of major trauma, surgery, or marked immobility. Idiopathic VTE events were not associated with any of the previous conditions.
HDL cholesterol determination
Blood collection and processing techniques for the CHS were modeled after the ARIC study as previously described. 13, 14 HDL cholesterol was measured enzymatically after dextran sulfate-Mg 2ϩ precipitation of other lipoproteins. 15 In ARIC, HDL 3 was determined by reprecipitation of the total HDL-c supernatant, HDL 2 was calculated by subtracting HDL 3 from HDL-c, and apoA-I was measured by radioimmunoassay. 16 Accuracy of HDL-c measurements in the ARIC study and the CHS was assessed using standards from the Centers for Disease Control and Prevention (CDC). Repeatability of cholesterol measurements was tested by duplicate blood samples in approximately 5% of ARIC and 3% of CHS study participants shipped to the laboratory 1 week after the original sample. The coefficient of variation of blind duplicate samples for HDL-c was 5% in both the ARIC study and the CHS. 14, 17 The reliability coefficient of 3 intraindividual measurements at 1-to 2-week intervals in ARIC was 0.94 for HDL-c, 0.70 for HDL 3 , 0.77 for HDL 2 , and 0.60 for apoA-I. 17 
Additional baseline measurements
Factor VIIIc was measured by a coagulation assay by determining the ability of the sample to correct the clotting time of human factor VIII-deficient plasma obtained from George King Bio-Medical (Overland Park, KS). Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared. Diabetes status was determined by fasting blood glucose and self-report of physician diagnosis or current medication use for diabetes. A participant was categorized as diabetic if fasting glucose was 126 mg/dL or higher (or, if a fasting sample was not available, nonfasting glucose of 200 mg/dL or higher) or if the participant reported a physician diagnosis of diabetes or was currently taking medication for diabetes. If fasting glucose was between 110 mg/dL and 126 mg/dL and there was no self-report of physician diagnosis or use of diabetes medication, the participant was categorized as having impaired fasting glucose. Smoking and alcohol consumption were determined by self-report. Responses to number of cigarettes smoked per day and duration of smoking were used to calculate pack-years of smoking. The weekly number of glasses of wine, bottles or cans of beer, and shots of liquor were used to determine average alcohol intake in grams per week. Participants were asked to bring all medications with them to clinic visits. A prescription or self-report was used to determine cholesterol medication use and estrogen and/or progestin hormone replacement therapy (HRT) use in women at baseline.
ABO blood type, factor V Leiden, ␣-fibrinogen Thr312Ala, prothrombin 20210A, and fibrinogen 455G/A were measured in a case-control subset in LITE (n ϭ 1489; 441 cases and 1048 controls). The case-control sample included all VTE cases and randomly selected controls frequency matched in a 2:1 ratio to cases on sex, race, age (in 5-year increments), study, and follow-up time.
Statistical analysis
All analyses were conducted using SAS version 8.2 (SAS Institute, Cary, NC). Of the 21 680 participants in LITE, we excluded those who were not of white or African American race (n ϭ 38 Asian/Pacific Islanders, n ϭ 29 American Indian/Alaska Natives, and n ϭ 20 other/unknown), or who self-reported a history of VTE or were taking warfarin at baseline (n ϭ 765), resulting in 20 828 participants in our dataset. Sex-specific participant baseline characteristics by quartile of HDL-c were compared using a 2 for categorical measures and analysis of variance for continuous measures.
Incident VTE was defined as the first occurrence of validated deep vein thrombosis or pulmonary embolism from baseline through December 31, 2001. Age-adjusted incidence rates of VTE were calculated using Poisson regression models. Sex-specific hazard ratios for incident VTE by baseline quartile of HDL-c (using the highest quartile as the reference) were estimated using Cox regression after adjustment for the following covariates at baseline: age (years), study (ARIC, CHS), race (white, African American), BMI (Ͻ 25, 25 to Ͻ 30, Ն 30 kg/m 2 ), diabetes status (normal, impaired fasting glucose, diabetic), factor VIIIc (percentage), smoking amount (pack-years), and current HRT use in women (no, yes). Covariates included in the fully adjusted model were well-known risk factors for VTE and variables that confounded the association between HDL-c and VTE by changing the fully adjusted betas for HDL-c quartile by at least 10% compared with a model without the confounding variable. We also examined potential confounding by thrombophilic polymorphisms in the case-control subset within LITE.
Hazard ratios were also estimated separately for idiopathic and secondary VTE, as well as hazard ratios with both sexes pooled together. We also modeled HDL-c as a continuous variable and determined hazard ratios for VTE per 1 standard deviation increment in HDL-c. Finally, we tested interactions of HDL-c with low-density lipoprotein cholesterol (LDL-c) and triglycerides (TGs) by examining the 2 statistic for the cross product terms to determine whether any association of HDL-c with VTE was modified by other lipids.
In ARIC, we also examined hazard ratios of incident VTE by quartiles of HDL 2 , HDL 3 , and apoA-I using the highest quartile as the referent group. Hazard ratios were reported separately for men and women and were adjusted for the same covariates as the HDL-c model.
Results
After excluding participants who were not of white or African American race, who had prevalent VTE at baseline, or who were taking warfarin at baseline, a total of 20 828 participants were at risk for VTE. Because of missing values for covariates in our full model, the multivariate models were based on a sample size of 19 049 participants (8656 men and 10 393 women), which pooled 14 490 participants from ARIC and 4559 participants from CHS. The largest contributors of missing values were factor VIIIc (n ϭ 981) and pack-years of smoking (n ϭ 450). Table 1 describes baseline characteristics of study participants by HDL-c quartile in men and women. In general, lower HDL-c levels were correlated with greater BMI, diabetes and impaired fasting glucose, higher factor VIIIc, greater use of lipid-lowering medication, greater frequency of smoking, and less consumption of alcohol. In men, increasing age was associated positively with HDL-c, and HRT use was associated with higher HDL-c in women.
A sensitivity analysis was conducted excluding participants with a history of cancer at baseline, and no difference was found in hazard ratios between participants who were free of cancer at baseline and all participants (data not shown). Therefore, we included in our dataset participants who had a history of cancer at baseline. We also tested interactions of HDL-c quartile by sex and study on hazard ratios of VTE and both interactions were statistically nonsignificant. However, we chose to report the results stratified by sex for interest's sake.
Crude VTE incidence rates were 1.43 and 3.26 per 1000 in the ARIC and CHS studies, and 1.88 and 1.76 per 1000 in men and women, respectively. Age-adjusted incidence rates and multivariateadjusted hazard ratios by HDL-c quartiles are shown in Table 2 .
Age-adjusted incidence rates of VTE by HDL-c quartile ranged from 1.64 to 1.91 per 1000 person-years in men and 1.40 to 1.94 per 1000 person-years in women. There was no apparent trend of VTE incidence rates across quartiles of HDL-c for either men or women or both sexes pooled together. The multivariate adjusted hazard ratios of VTE by HDL-c quartiles (with quartile 4 as the referent group) were nonsignificant for both sexes and ranged between 0.91 and 0.99 for men and 0.78 and 1.22 for women. Sex-specific hazard ratios for idiopathic and secondary VTE in men and women were also close to 1.0, as were the adjusted hazard ratios for idiopathic and secondary VTE in both sexes together. Finally, the null association of HDL-c with incident VTE was not modified by LDL-c or TGs (data not shown).
In the case-control subset, the odds ratios of VTE for HDL-c quartiles did not appreciably change when additionally adjusted for ABO blood type, factor V Leiden, ␣-fibrinogen Thr312Ala, prothrombin 20210A, and fibrinogen Ϫ455G/A. The odds ratios for VTE (with 95% confidence intervals) for HDL-c quartiles 1, 2, 3, and 4 were 1.29 (0.87-1.93), 1.49 (1.03-2.18), 1.20 (0.84-1.71), and 1.00 (reference), respectively, when adjusted for all covariates in our full Cox regression model. After additional adjustment for all thrombophilic polymorphisms, the odds ratios were 1.18 (0.78-1.81), 1.46 (0.98-2.17), 1.19 (0.82-1.71), and 1.00, respectively. Thus, there still was no association of HDL-c with VTE after adjusting for several markers of inherited thrombophilia.
In addition, there was no association between HDL-c and VTE for ARIC and CHS analyzed separately (data not shown) or when we conducted a time-dependent sensitivity analysis adding HDL-c values from later study examinations (years 3, 6, and 9 in ARIC and year 5 in CHS; data not shown). When HDL-c was modeled as a continuous variable, hazard ratios for VTE per 1 standard deviation increment in HDL-c were very close to 1.0 with confidence intervals that overlapped 1.0 (data not shown). Values are n (%) for categorical variables and mean plus or minus SEM for continuous variables. BMI indicates body mass index; IFG, impaired fasting glucose; ARIC, Atherosclerosis Risk in Communities study; and CHS, Cardiovascular Health Study.
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In the ARIC study, 14 488 participants (6681 men and 7807 women) were at risk for VTE after exclusions. There was no trend of VTE hazard ratios across quartiles of HDL 2 , HDL 3 , or apoA-I (Table 3) . Likewise, hazard ratios of VTE across quartiles of apolipoprotein B/apolipoprotein A-I ratio were very close to 1.0 (data not shown). 
Discussion
In this population-based prospective study, there was no association of baseline HDL-c, HDL 2 , HDL 3 , or apoA-I with incident VTE. Our results are consistent with a previous analysis of this cohort with shorter follow-up and approximately half as many events, which reported nonsignificant hazard ratios of VTE for tertiles of HDL-c. 6 The current results conflict with a meta-analysis that reported that HDL-c levels were, on average, 2.86 mg/dL lower in patients with VTE compared with controls. 7 However, residual confounding was responsible for the association of HDL-c with VTE in 2 of these studies, 18, 19 and a third study reported only unadjusted estimates. 20 Furthermore, the prior analysis within the LITE study, which reported no association between HDL-c and VTE, was not included in this meta-analysis. 6 The meta-analysis by Ageno et al 7 included mostly case-control studies. 18, 19, 21, 22 The association between HDL-c and VTE was strongest in a 1:1 matched case-control study of 49 male VTE patients less than 55 years of age (adjusted OR for first quartile vs second to fourth quartiles ϭ 4.4; 95% CI, 1.2-16). 21 A second case-control study found only extremely low HDL-c levels (lowest 10%) to be inversely related to VTE in males but not in females. 22 Quartile-based adjusted odds ratios of VTE were not significant in a case-control study of postmenopausal women, although a significant inverse relation was found when dichotomizing HDL-c at the cut point of the fourth quartile. 19 The remaining case-control study found no association of HDL-c with VTE after adjustment for BMI. 18 The only cohort study included in this meta-analysis reported that those who developed VTE had 0.1 mM lower crude HDL-c at baseline than those free of VTE after 23 years of followup. 20 Our longitudinal cohort study did not find an association between HDL-c, HDL subfractions, or apoA-I with VTE and did not demonstrate differences between men and women.
There are a few limitations in this study. First, our study was large enough that moderate to large associations between HDL-c and VTE would have been detected, but weak associations may have been missed due to inadequate statistical power. In men, we had 80% power at a 2-sided .05 significance level to detect a hazard ratio of VTE of 1.66 for quartile 1 versus quartile 4. For women, we had 80% power to detect a hazard ratio of 1.63 for quartile 1 versus quartile 4. However, since our observed hazard ratios are nonsignificant, HDL-c may not be a risk factor for VTE. Second, as with most studies of VTE, some nonhospitalized and undetected VTE events BLOOD, 1 OCTOBER 2008 ⅐ VOLUME 112, NUMBER 7 For personal use only. on April 14, 2017 . by guest www.bloodjournal.org From were missed; however, it is unlikely that these losses would have been related to HDL-c in a way that would mask any association between HDL-c and VTE. Since the late 1990s, outpatient care for VTE has grown, but our estimate is that few nonhospitalized VTE events would have been missed by our study over the entire 1987 to 2001 follow-up period. Finally, it seems unlikely that our finding of no association between HDL-c and VTE is due to uncontrolled confounding. We measured most major correlates of HDL-c and results were null, whether adjusted or not.
Our study examined the relationship of incident VTE with HDL-c, HDL 2 , HDL 3 , and apoA-I in a large sample of 19 049 participants followed for up to 14 years. In our large prospective sample, we found no association of these HDL measures with future VTE. Thus, low HDL-c does not appear to be an important VTE risk factor.
